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^ (57) Abstract: ET-743 is a sniall molecular weight compound with antineoplastic activity that inhibits the ability of the nuclear 
2 receptor SXR to trans activate gene transcription firom SXR regulated response elements. The nuclear receptor SXR has been iden- 
tified as a receptor that activates transcription of the mdrl gene and thus increases multidrug resistance in ceils. The interaction of 
O SXR with the mdrJ gene and ET-743 provide a set of physiological mechanisms which can be exploited to identify novel inhibitors 
^ of SXR activation and mdrl gene transcription and thus novel agents which exhibit an antineoplastic effect against tumor cells either 
^ alone or when coadministered with another antineoplastic agent 



THE ANTI-NEOPLASTIC AGENT ET.743 
INHIBITS TRANS ACnVATION BY SXR 

QROSS-REFERENCE TO RELATED APPIJCATTONf^ 

This ^Kcation is related to provisional patent application Serial No. 60/224,356, fifled 
1 1 August 2000, and claims the benefit of the filing date of said provisional application. 

BACKGROUND OF THE TNVENTTON 

The present invention is directed to nielhods of screiamig conq)o^ds for anti-neoplastic 
activity. The invention is also directed to conqpounds that inhihit trans activation of target gene 
transcrq)tion by the SXR nuclear receptor and methods for the detection of such conq>aunds. 

The pubHcations and other materials used herein to illuminate the background of the 
^ hrviti^cM additional details reispectingilhe i^kitici^ M r^B^iSi^ and 

for convenience are respectively groiqied in the fended LM of Refiarences. 

Ecteinascidin-743 (ET-743, NSC 648766) is a novel, low molecular weighl^ 
anti-neoplastic drug that holds considerable promise for clinical use^ It is currently in Phase n 
trials and has been proposed for clinical evaluation against a variety of tumors including 
melanoma, breast, nonrsmall-cell lung, and ovarian cancers^. Of particular note is that the drug 
is active against sarcomas which generally lack alternative chemotherq)eutic options. ET-743 
possesses extremely potent cytotoxic activity; it inhibits the growth of a variety of cancer 
cell-lmes and human xenografts with ICjqS ranging &om l-lOO nM^^ This range of cytotoxic 
activity is 10-1000 fold more potent than some of the more common chemother^eutic agents 
including taxoL, camptothecin, adriamycin, mitomycin, dsplatin, bleomycin and etoposide. The 
high potency of ET-743 implies that it acts through a specific molecular target. 

Despite its considerable promise, the mechanism by which ET-743 induces its cytotoxic 
response has not been established to date. ET-743 has been reported to promote a variety of 
interesting activities. These include: binding to DNA in the minor groove^, alkylation of 
guanines at the N2 position^ and promotion of topoisomerase I-mediated cross-linking to DNA 
hreak^'^ ET'743 has also been shown to inhibit DNA binding by the NF-Y transcription factor 
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unclear if any of ttiese pheaomeam are related to the cytotoxic ffecte of ETr7^3, 
as tib^e^ all induced ^mic^omp^ whereas the effecft of tte'dmg^^^^^ 

cieiEuriiiy evident in the low nanomolar range. ' ' 

One of the genes responsible for multi-drug resistance to cheixiother^y is mdrl vMch. 
encodes a protein that is variously called P-glycoprotein, Pgp or P170, referred to herein as 
"P-^gtycoprotein". One known mechanism by which certain drug and multidrug jresi^^ 
modulators function is by flieir intei^iaction with P-glycoprotein, which is endogenotis in cell 
membranes, including the membranes of certain drug resistant cells, multidrug resistant tumor 
cells, gastrointestinal tract cells, and the endotheUal cells that form the blood brain barrier. 
P-glycopiotein acts as an efflux pump for the cell Certain substances, including treatment dmgs 
for various diseases, are known to be pumped out of the cell by the P-glycoprotein prior to their 
having an effect on the celL 

ET-743 is known to decrease the rate of mdrl gene transcription^**. In particular, it is 
known that 10^50 nM concentrations of the drug inhibit trichostatin-induced transcription of the 
1^ M^ch e!Kk)d(eis P^glyb^^ (bsatts^^ for 
ic^ition of mdrl transcriptioh by ET-743 are similar to the concentrations required for its 
cytotom^fect This raises the possibility that the mechanism by which ET-743 inhibits mdrl 
transcription^ inay be linked to its Qrtotoxic properties/ Moreover; since P-glycoprotein is 
respoiisible ^resistance to both dnigs and fi>ri^ 

which specificilly regulate P-glycoprotein expression may be considered potential targets for the 
rational design of novel anti-neoplastic agents. While cytotoxic compounds such as ET-743 and 
the like thus hold considerable prondse as antineoplastic agents, their ultimate utility may be 
limited by, e.g., fectors such as difficulty in purification or synthesis in buDc quantities. 

The nuclear hormone receptors comprise the largest femily of ligand-modulated 
transcription factors in humans. These receptors mediate tiie effects of the steroid and thyroid 
receptors, vitanun D and retinoids. They are intracellular receptors that play important roles in 
e?q>ression of genes involved in physiological processes that include cell growth and 
differentiation, development, and homeostasis. Upon activation, these receptors are able to 
regulate expression of genes because they either bind directly to specific DNA sequences called 
hormone response elements (HREs) or bind indirectly to DNA by bmding to other proteins which 
bind to DNA. Nuclear receptors can be classified based on tiiieir DNA binding properties. For 
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^^^^^^^S^^^'^^^i^ estiogea, androgen, irogestin and mineralocorticoidiecq^ bind 
asi ytd(k!fanets to HREs which are A sewnd claSs bf leceptors, 

induding &ose activated by retina 

proliferatois and ecdysone, bind to HREs as heterodimere with a common partner, the retinoid 
X recq)tor (i.e., RXR, also known as the 9-cis retinoic acid receptor). 

Many oftfae hormones forthe "classic al" u ut l uai itt q/tui^ wmO ib l described at the turn 
of ie last century but in the past decade a largernnmber of nnclear receptor proteS K been 
identified that lack known hormones. These proteins have been termed "orphan receptors" and 
their existence implies that new hormones and signaling molecules which are involved in the 
regulation of gene expression remain to be identified. Orphan receptors hold considerable 
prornise as they provide the first clues toward the identification of novel regulatory molecules 
and new drug ther^ies^" Meed, these proteins have aheady provided powerfiil tools for the 
identification of novel signaling pathways for androstans". pregnanes" and metaboUc signals 
inchidmg fetty adds", prostanoids", bile acids^^^ and cholesterol metaboKtes^^. In addition, 
4 itlias become increasingly clear that oqphah receptors are molecular targets forayaiety of 

xenobioticcompounds«(e.g..peroxisomeprolifetators,aminobenzoates^ 
agents (e.g., tfaiazolidinedione anti-diabetic drugs). 

In particular, the orphan receptor SXR (also known as PXR, PAR, PRR and NRIE) has 
been shown to bind to or modulate a broad array of drugs including rifanq>icin, SR12183, 
phenobarbital, clotrimazole, RU486, pachtaxel, ritonavir and olhers"-"-^*^^.'". in response to 
these compounds, SXR activates lranscr5)tion of cytochrome P450 3A4 (cyp3A4), an enzyme 
responsible for Ihe metaboKc inactivation of approximately 50% of all pharmaceutical agents. 

Q?»5^-/,like/«dr/,isacriticalgeneinthedetoxificationpathwayofxenobiotics. Consistent 
with (heir role in detoxification, both CYP3 A4 and P-glycoprotein are most highly expressed in 
the tissues that participate in drag metabolism and elimination, such as livo: and intestine'*- '\ 
Moreover, many substrates or modulators of CYP3A4 are also substrates or modulators of P- 
glycoprotein^. EfBcient inducers of CYP3A4, such as rifempicin, phenobarbital. and 
clotrimazole also activate the transcription of mdrl"*. Ihis significant overlap in 
substrate/inducer specificity suggests that cyp3A4 and mdrl act in concert to detoxify and 
deactivate a wide range of compounds since SXR regulates expression of cyp3A4 and mdrl. 
These findings have led to the suggestion tiiat SXR is a critical sensor in a xenobiotic 



detoxification thus, SXR naedisdii^ ih^ weil-est£d)lished phenomena of auto^Muo^ 

' drug metabolism as well as cros^-reactions, ^ibiie^^ one drug promotes the eliinina^c^ of a 

co-admiiustea:eddrug. These effects can be a lmuting&u:tor in cancer 

of anti-neoplastic agents ate substrates for CYP3 A4 including paclitaxel (Taxol), tamoxifen, 
mitoxantrone, doxorubicin, cyclophosphamide, ifbs&mideandbusu]^han. Northern blot analysis 
of SXR revealed that it is abimdantly expressed in the liver and small and large intestine. Rec^t 
repbrts suggest SXR is variably expressed in human tumors such as neoplastic breast tissue^^. 

Nuclear receptors such as SXR thus mediate the transcriptional effects of steroid and 
related honnones. These receptor proteuis have both a conserved DNA-binding domain 
which specifically binds to the DNA at m-acting elements in their target genes and a ligand 
binding domain (LBD) which allows for specific activation of the receptor by a particular 
hormone or othedr fector. Transcriptional activation of the target gene for a nuclear receptor 
occurs when the ligand binds to the LBD and induces a conformation change in tiie receptor that 
fedUtatesrecnutmentofacoacdvator or displacement of a corq)ressor^ This results in a recq)tor 
OTixjpW transmptionofthetai^etgehe/ReCT 
after agonist binding allows the recqptor to activate transcription. In contrast, binding of a 
rec^tor antagonist to a receptor induces a difTerent conformational change in the receptor such 
that there is no interaction or there is a non-productive interaction with the transcriptional 
machinery of the target gene. 

It has been determined that hormones are generally smaU and hydrophobic and are able 
to difiuse across a plasma membrane and cytoplasm of a cell and bind to nuclear recq>tors. Upon 
binding of the hormone to the receptor, the reenter changes its conformation in a manner that 
activates or suppresses a gene or genes the transcription of i^di is regulated by the HRE to 
\duch the receptor binds. Alternatively, genes can be activated or siq>pressed by binding of the 
receptor to other proteins which in turn regulate goie transcrq)tioiL Examples of such hormones 
include, steroid hormones, such as testost^ne, P-estradiol, aldosterone, Cortisol and 
progesterone, thyroid hormones such as thyroxine (TJ and txiiodothyroxine (T3) and vitamin D 
(in vertebrates) along with hormones derived from these. The ability of a low molecular weight, 
hydrophobic compound such as ET-743 to regulate transcription raises the possibiUty that 
ET-743 may act through a ligand-regulated transcription factor. 
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Due to the inq>licatio]is of the SXR nuclear xoccsgior in modulating drug clearanc<^^ fhei^ 
priesiie^ a fixclher need for coxnpounds and methods for identifying compounds that can 
provide a: pharmacologic intervention in the regtilation of transcription of SXR and SXR- 
regulated genes. Such compounds and methods will be of value to patients who could benefit 
fiom modification of SXR-regulated gene transcription and will also be useful as research tools 
to further elaborate the mechanisms of SXR regulated g^e expressioa 

SUMMARY OF THE INVENTION 

In accordance with the present invention, we have discovered that ET-743 inhibits SXR 
activation of gene transoiption and fiirther that SXR stimulates traziscription of the mdrl gene. 
The ability of SXR to stimulate mdrl gene transcription demonstrates the utility of developing 
cytotoxic drugs such as ET-743 that also iiihibit activation of SXR C'SXR-transparent" drugs). 
Accordingly, flie invaition provides a method of modulating P-glycoprotein activity which 
conqnises inhibiting trans activation of the mdrJ gene by SXR. 

0he aspect of the invention is a method for scr^^ to idsioiify 

antineoplaistic agents^ which conqmses testing said compounds for an abihty to inhibit SXR. 

A second aspect of the invention is a method of decreasing multidmg resistance in a cell 
or cells wfaidicoixq[>rises inhibiting the abih^ gene transcription. 

A tiiird aspect of the invention is a method for the treatment or prophylaxis of abnormal 
cell proliferation in a mammal which comprises administering to such mammal an effective 
amount of an SXR antagonist, wherein the SXR antagonist decreases the level of mdrl gene 
transcription in the tumor cells. 

Another aspect of the invention is a method for treating a disorder in a mammal which 
conq)rises administering to the mammal an effective amount of a therapeutic agent and inhibiting 
clearance or breakdown of said ther^eutic agent by inhibiting SXR. 

A further aspect of the invention is a method of screening compounds for an ability to 
inhibit trans activation of transcription of an SXR target gene by SXR which comprises 
determining whether the presmce of one or more of said conq)ounds in an assay comprising SXR 
and said target gene inhibits transcription of said target gene as compared to transcription of said 
target g^e in the absence of said one or mote compounds. By said target gene is meant anatural 
or a synthetic nucleic acid which is resfponsive to SXR. 



Yet another embodunent of fhe inv^on is a method of screening coimk)iui^ fof a . ' 

of said cox]q>6unds in an assay c6i3a|»nsmg a target gene of i^]!^ inhibits^h^^ 

of said target gene as compaied to transcription of said target gene in the absence of said one or 

more compounds. 

Another embodiment of the invention is a mefliod to screCTi con^omids for a putative 
itherapentic agent, coixqm ' ' 

a) adding an SXR ligand to cells; 

b) measuring an activity which is decreased or an amount of a molecule the synthesis of 
which is decreased by addition of said ligand; 

c) adding one or more of said compounds to the cells of step (a) or to cells to which SXR 
ligand is added; 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 

e) detemiining whether said one or more conqK)unds inhibited the decrease ia activity or 
' . thedecre^eihsyothesis; ■ ' ■■ ..i^H.;::.- • 

wherein a compound or con9)ounds \^ch inhibit said decrease in activity or said 

decrease in synthesis of said molecule are putative antineoplastic agents. 

The invention also enconq)asses a method for screening compounds as putative 
candidates for an ability to decrease catabolism of a dmg in a cell or to decrease tbe ability of a 
cell to pmnp said drug out of said cell» said method couDprising the steps of determining whether 
the presence of one or more of said conqK)unds in an assay conq)rising SXR and said target gene 
inhibits transection of said target gene as compared to transcription of said target gene in the 
absence of said one or more compounds, wherein a compoimd vridch inhibits transcription of 
said target gene is a candidate for decreasing catabolism of a drug or decreasing the ability of a 
cell to pump said drug out of said cell. 

In addition to screening for antagonists which act against agonists and thereby inhibit 
receptor activation, one aspect of the invention is to screm for inverse agonists. An inverse 
a^nist is a compound which has the opposite effect to an agonist and will block activity. This 
is well known to those of skill in the art and is illustrated in Picard^'. 

Yet a further aspect of ttie invention is a method of therapy which comprises 
coadministering a drug and an agent that modulates the activity or expression of SXR. 
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Aapther aspect of the inv^tion is a method of increasiiig the effectiy^p^ of a drug 
viiiich cdQq>rises cbadinuiistenng said drug with an ageiit that modulates the actions of SXR. 

The invention also provides antiediod of inhibiting drug metabolism and/or dmg esqport 
in a patient receiving treatment with said drug, which method con[q>rises administering to said 
patient an effective amount of an SXR inhibitor. 

The invention is also directed to a process for maldng a therapeutic conaposition which 
compiises the stqps of: 

a) screening compounds for an ability to inhibit SXR activitj^ 

b) determining which of said con[Q)ounds inhibit SXR activity, 

c) selecting a corrq>ound which was determined to inhibit SXR activity; 

d) obtaining a therq>eutically eflfective amount of said compound selected according to 
step (c); and 

e) combining a ther^utically effective amount of the selected compound with one or 
more pharmaceutically acceptable excipients to form a ther^eutic composition^ 
¥m&sisis^^ of the invention include a iher^>e«fic conap^ 

method and methods of inhibiting dmg resistance by administering an effective amount of the 
fherapeutfc compositioiL 

Yet another aspect of tiie invention is a method for selecting a compomsd for use for 
treating a pathological condition in a mammal wherein said compound is selected by: 

a) preparing a system con[q>rising a ligand binding domain of SXR and an SXR target 
gene wherem an interaction between said Kgand binding domain of SXR and said target 
gene produces a detectable signal; 

b) measuring said detectable signal of said system in step (a); 

c) adding a con[ipound to a system of step (e); 

d) measuring a signal of said system of step (c); and 

e) selecting a conopound wherein said signal of step (d) is less than said signal of step (b). 
The invention also includes compounds selected by the preceding procedure and 

pharmaceutical compositions comprising the selected compounds. 
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BRIEF Igsa^ ^ ...v . I. 

Figures 1 A-Z> deinonsttate inhibition of ligahd-induc^d activation of SXR and mdrl 
expression by ET-743. 

DETAILED DESCRIPTrON OF THE INVENTlbN 

As the first nuclear receptors were cloned nearly fifteen yc^ars ago, a large body of 
biocheanical, gmetic aihd structural studies haVe provided a clear detailed understsoiding of 
how these proteins regulate transcription. The nuclear honnone receptors possess conserved 
DNA-biiiding (DBD) and Hgand-binding donxaiiis (LBD). La the absence of ligand, receptors 
such as SXR. bind to their cognate HB£ as an obligate heterodimer with the retinoid X recqptor 
(RXR), Li addition, in the absence of ligand» some receptors, including SXR, associate with a 
co-tepressor complex^. This conq)lex contains histone deacetyiases which remove acetyl groups 
fiom histones and other substrates. Association witii the co-repressor complex maintains the 
DNA transcription machinery in an inactive or repressed state. Transcr^tional activation of the 
target g^ occurs wfaeri ligand binds to tiie IBD and iiuluces a change in the 

SXR wMdi reorients Aetransciqitional activation doma^ This leads to the displacem^ of the 
corepressor followed by the recniitin^t of a coactivator complex, the chromatin is then 
acetylated and becomes less compact and the rate of transcription is subsequently stimulated. 

At least two classes ofnuclear receptor coactivatois have been ideatifi Thefirstclass 
includes SRC-1 related proteins (SRCl, ACTR & GRIP) tiiat modulate chromatin stmcture by 
virtue of their histone acetylase activity^^. A second class includes PBP (also known as DRIP 
205 and TRAP 220) which is part of a large transcriptional complex that includes conq>onents 
of the basic transcriptional machinery^^*^^. Other proteins within each class of nuclear receptor 
coactivators have been identified and are known to those of skill in tibie art. 

Use of a standard model heterologous ceU system to reconstitute SXR-activated 
transcription allows activity to be monitored in the absence of the metabolic events which may 
obscure the process being tested. Any suitable heterologous cell system may be used to test the 
activation of potential or known inhibitors of SXR activation, as long as the cells are capable of 
being transientiy transfected with the appropriate DNA which expresses recq)tors, r^rter genes, 
response elements, hybrids conoprising ligand binding regions, transcriptional activators, 
corq)ressors, coactivators and the like. Cells which express one or more of the necessary genes 
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may be used as welL Cell systems that are sui^le for the transietit eT^ression of mamioaUan 
genes and which are amenable to mainteslance in culture are well known to those skilled in the 
art and include, for exanq)le, COS or CV -1 cells. 

The practice of the present invention en^loys, unless otherwise indicated, conv^tional 
techniques of chemistry, molecular biology, microbiology, recombinant DNA, genetics, 
immunology, cell biology and cell culture, \^ch are witibin the skill of the art*^. Details of the 
inventidn are disclosed in a publication by Syhold et aL^^ which ptiblication is specifically 
incorporated herdn by reference in its CTtirety. 

To test the inhibition of SXR by ET-743, CV-1 cells were transiently transfected with 
e^qyression vectors for the recq>tois along with appropriate reporter constmcts according to 
methods known in the art The receptors to be tested wa» e^ressed in CV-1 cells. Suitable 
reporter gene constructs are weU known to skilled workers in the fields of biochCTistiy and 
molecular biology. All transfectidns additionally contained an e;q>ression vector with a 
cytomegalovirus jncomoter (pCMV-p-gal) as an internal control. Suitable constructs for use in 
thiMibi^^ ^ 4 

Bxamplej pCMV-P-gal contains the coli p-galactosidasei gene expressed undet control of the 
c>^megalo vims pibnlotei/enhanc^. Other vectors known in the art can be used in the methods 
of the present invention. 

Genes encoding the following full-length previously described proteins, which are 
suitable for use in the studies described herein, were cloned into a cytomegalovirus expression 
vector. All accession numbers in this q>plication refer to GenBaxik accession numbers. GAL4 
fusions containing recq)tor fragments were constmcted by fusing the following protein sequences 
to the C-terrninal end of the yeast GAL4 DNA binding domain (amino acids 1-147) firom 
pSG424^^: GAL4-SRC1 (human SROl, Asp 617 - Asp 769, accession U59302), GAL4-ACTR 
(human ACTR, Ala 616 - Gin 768, accession AF036892), GAL4-GRIP (mouse GRIPl, Arg 625 
- Lys 765, accession U39060), GAL4-PBP (human PBP, Val 574 - Ser 649, accession 
AF2838 12), GAL4-SMRT (human SMRT, Arg 1 109 - Gly 1330, accession U37146) and GAL4" 
NCoR (mouse NCoR, Arg 2065 -Gly 2287, accession U353 12). VP16 fusions contained flie 78 
amino acid Herpes virus VP16 transactivation domain (Ala 413 - Gly 490, accession X03141) . 
fixsed to the N-tenninus of the following proteins: VP-SXR (full-length, human SXR, accession 
AF061056)^^*^'^^^. 
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CMV-p-gal, used as a a>Dtrpl the^^P^^r^^^^ ; -.^ v.. . • ; ; , 

receptor domain being tested, contaiiis &e £. co/z pi^galacfosidase ccxiing seqi^^ denvM frdm 
pCHl 10 (accession U02445). This gene was conyeniently used here, however, any unrelated 
gene which is available and for whic^ a convenient assay existe 
used as a control with the methods of this invention. 

CV-1 cells for the activation assay^ wer^ 
si^iemented with 1 0% resin chatcoal-strqyi^ fetal bovine sdrui^ 50 tj/mi penicillin G and 50 
p^g/ml streptomycin sulfete (DMM-HBS^ 

cells were plated to 50-80% confluence using phenol red fiee DMEM-FBS. 

The cells were transiently tcans&cted by lipofection but other methods of transfection of 
DNA into cells can be utilized without deviating from the spirit of the inv^tion. Luciferase 
reporter constructs (300 ng/10^ cells) and cytombgalovirus-driven expression vectors (20-50 
ng/10^ cells) were added, with CMV-P-gal (500 ng/10^ cells) as an internal control. After 2 
hours, the liposomes were removed and the cells were treated for ^proximately 16 hours with 
phmdl red free DMEM-FBS conimnmg^^^^ acid and other compounds. 

Any conq>ound which is a c^didate for inhibition of SXR may be tested by this indfaod 
Gen^^ally, compoimds are tested at severi^ differeat concentrations. After e7q)osure to ligand, 
the cells were harvested and assayed for luciferase and p-galactosidase activity (intecoal control) 
or activity of any desired reporter gene. 

Activity of the rq>orta: gene can be conveniently normalized to the internal control and 
the data plotted as fold activation relative to untreated cells. Any response element compatible 
with the assay system may be used. Oligonucleotide seqoeaces which are fonctionally 
homologous to the DNA sequoace (hormone response elements or HR£s) to which the nuclear 
recq>tor binds are conteaq)lated for use with the inventive methods. Functionally homologous 
sequences are sequences which bind the receptor, receptor het^x>dimer or the indicated DNA 
binding domain-under the conditions of the assay. Functionally homologous sequences are easily 
determined in an empirical &shion. Response elements can be modified by methods known in 
the art to increase or decrease the binding of the response element to the nuclear receptor. 

We have found ttiat the orphan nuclear receptor SXR can activate transcription of the 
mdrl gene. This led us to postulate that the transcrq)tional inhibitory effects of ET-743 on mdrl 
transcription were mediated by SXR. Indeed, ET-743 inhibited SXR at concentrations (IC50 ==5 
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nM) til^ required for cytotoxicity. These data provide a Hiik bet^ 3BT-743 and 

a rnolectilaf target, SXR, that responds to nanomolar concentrations of the drug. In sul^ition, by 

defining ET-743 as amodulator of SXR activity, these data denionstr^ 

target for high througfaput screens aimed at identifying low molecular weight anti-neoplastic 

agents. 

Althpu^ ET-743 has considerable promise, its ultima^ 
that ihe conqpbund is derived fit)m amaruie tunicate (Ecteinascidia ttffhinatdi and the coibpound 
has been difBcult to purify or synthesize in bulk quantities''^. Despite such drawbacks, the 
identijScation of a molecular target for ET-743, such as SXR, provides a n5)id and reliable 
hi^-thn>ugtq>ut approach for Ihe screening of alternative synfiietic or natural product inhibitors 
of SXIL Finally, just as the screening of breast cancers for estrogen receptor (ER) expression is 
predictive of a response to the ER antagonist tamoxifen^^ the identilScation and validation of 
SXR as a target of BT-743 can provide a clinical tool to predict the likelihood tibat an individual 
tumor will respond to ET-743. 

q^^MQtfaods 

Transient Transfection Assays 

CV-1 cells were grown in Dulbecco's Modified Eagle's medhim supplemented with 10% 
resin-charcoal stripped fetal bovine serum, SO U/ml penicillin G and 50 ^g/ml streptomycin 
sulfete (DMEM-FBS) at 37''C in 5% COj. One day prior to transfection, cells were plated to 50- 
80% confluence using phenol-red free DMEM-FBS. Cells were transiently transfected by 
lipofection as described previously^. Luciferase reports constructs (300 ng/1 0^ cells) containing 
the herpes virus thymidine kinase promoter (-105/+51) linked to the appropriate hormone 
response element and cytomegalovirus driven egression vectors (20-50 ng/10^ cells) were 
added, along with CMV-p-gal as an internal control. Mammalian expression vectors utilize the 
cytomegalovirus pmmoter/CThancer. After incubation with liposomes for 2 hours, the liposomes 
were removed and cells treated for approximately 16 hours with phenol-red fi^ DMEM-FBS 
containing an appropriate concentration of agonist or antagonist After e^^sure to ligand, the 
cells were harvested and assayed for luciferase and/or p-galactosidase activity according to 
known methods. 
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acids, 50 U/ml penicillin G and 50 jig/ml streptomycin sulfate. One day prior to treatment, the 
LS180 cells were switehed to phmbl-red fiee media bontayng 10% resan^^iha^ strxntied fetal 
bovine serum and then treated for an additional 24 hours with the indicated confounds. 
Nprtoern blots were^ 

(accession lSIM_.0(X)927,nucleoM c)j)3^4 (accession MliSMT, nucleotides 1521- 

2058) and GAPDH (accession NM_002046, nt 101-331) as a control. 

The term 'functional association'* refers to an interaction of two or more protefais or 
fragments thereof eiflier in their native state or as part of a hybrid molecule, wherein the 
interaction as part of a hybrid molecule mimics the association that takps place between such 
proteins or fragments in vivo or in vitro. The interaction need not be direct contact between the 
two specific proteins, rather the interaction can be indirect, e.g-, the proteins can be part of a 
conqjlex. In two hybrid transcriptional assays, two proteins or protein fragments functionally 
associate when one fragment is esxpressed as a hybrid piotdn witii a I)NA binding domsiin and 
the otiiier is ejcpressed as a hylnid protein with a transcriptional activator. In this sjrstem, 
functional association of the two protein fragments results in localization of the transcriptional 
activator to a region of the DNA which is recognized by the DNA binding domain and 
subsequent expression of a xepottesr gene flaat is operatively linked to the DNA binding domain^. 

EXAMPLES 

The presCTt invention is furflier detailed in the following Examples, which are offered by 
way of illustration and are not intended to limit the invention in any manner. Standard 
techniques well known in the art or tiie techniques specifically described herein were utilized. 

Eyansple I 

This Example demonstrates Ectema8cidin-743-induced inhibition of ligand-activated 
SXIL It was previously known that ET-743 is a potent inhibitor of mdrl transcription^ ^ We 
therefore postulated that ET-743 may inhibit mdrl by stqppressing SXR activity. Figures 1 A-D 
show Ihe results of ET-743 inhibition of Hgand-induced activation of SXR and mdrl . Inhibition 
by 50 nM ET-743 resulted in complete suppression of ligand-activated SXR transcription 
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(Figure lA). Ilris effect was specific in that ET-743 hadno effect on the basal reporter aic^vily 
or dii u^gainded SXR. 

To further explore the specificity of this effect, we deteiminc^ whether ET-743 can 
inhibit transactivation by the Constitative Androstane Receptor, CARp. SXR and CARp are 
closely related receptors fliat share a high degree of sequence sunilatity in their DNA-binding and 
ligmd-binding domains and have been shown to bind to an oyerk^iping array of response 
eiem^ts and ligands^. CARP displayed strong constitative activity which was repressed by its 
inverse agonist androstanol (Figure IB). In contrast, ET-743 had no effect on CARP, further 
indicating that there is spedfidty to the itM)itory effects of ET-74^^ 

We next determined the IC50 for inhibition by ET-743 and compared this with the 
reported IC50S for the cytotoxic effects of this drug. Dose response studies (Figure IC) using 
either wild-type or GAL-L-SXR indicated that ET-743 inhibited ligand-activated SXR with an 
IC50 of 3 nM. Moreover, 20 nM ET-743 was sufficient to si^ress SXR-mediated activation of 
the endogenous mdrl gene (Figure ID). Thus, the effects of ET-743 observed on SXR are well 
witi^ tiie range of IC50S reported for the cylxi&^ lisii^-.^Tbus, unlike the other 

biochemical events previously linked to Kr7743, inhibition of SXR represents the only molecular 
target to respond to ET-743 at nanomolar concentrations which axe sufficient for cell killing. 

Previous results have shown that ET-743 inhibits trichostatin induced transcription of 
mdrl^. Trichostatin is an inhibitor of histone deacetylase (HDAC) enzymes that are part of the 
corepressor complex that interacts with unhganded nuclear receptors. Using mammalian two 
hybrid assays, we have found that the cor^ressor SMRT interacts with unliganded SXR and that 
SXR ligands displace SMRT. Thus, SXR Ugands and HDAC inhibitors either displace or inhibit 
SXR-assodated HDAC activity. These observations indicate a unifying mechanism to account 
for the ability of ET-743 to inhibit mdrl transcription and SXR activity. 

These results demonstrate that ET-743 inhibits ligand-induced activation of SXR CV- 
1 cells were transfected and treated with (+) or without (-) Ugand and with or without 50 nM 
ET-743 (Figure 1 A), Reporter gene activity was determined and fold activation was plotted for 
each treatment Figure IB shows that ET-743 has no effect on CARp. CV-1 cells were 
transfected with or without an expression vector for CARP and treated either witii the CARp 
antagonist androstanol (5 |iM) or with ET-743 (50 nM). Figure IC shows the dose response for 
inhibition of wild-type and GAL-L-SXR by ET-743. Cells were transfected with either wild-type 
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media or media siqiplemented with 10 pM SR12813 or iSR12813 jplus ii^' m^^ 
concaiiratioiis of ET-743. Figure ID shows the reisute of Northeni bldt of LSisd Sells 

treated with the SXR ligand SR12813 +/- 20 nM ET-743, As seen in Figure ID, ET-743 inhibits 
SXR-mediated activation of the mdrl gene. 

Temple 2 

A mammalian two-hybrid assay was used to determine the effects of the £t-743 analog 
Pt650 on coregulator recruitment for SXR. CV -I cells were transfected as indicated above with 
the indicated hybrid expression vectors and a p-galactosidase vector as an internal controL 
Reports activity was measured and normalized to the mtemal ^galactosidase control and is 
reported as a proportion of internal fi-galactosidase activity. CV-1 cells were transiently 
transfected with a GAL4 rq>orter construct and an e^qpression vector encoding a first hybrid 
protein which is a DNA transcrq>tion activator containing the VP 16 transactivation domain 
iiidced ix>%e Ugand binding doinaih of !S^^ In addition^ cells were also transj^^ 

with expression vectors encoding the GAL4 DNA blading domain alone or a second hybrid 
protein which is the GAL4 DNA binding domain linked to the receptor interaction domains of 
flie nuclear leceptox coactivators SRCl, ACTR, GKEP or PBP, or the nuclear receptor 
corepressorsSMRT or NCoR, as indicated. The GAI4 reporter coiistructcanq>risedfom' copies 
of a yeast GAL4 iq)stream activation sequence operatively linked to the herpes thymidine kinase 
promoter and flie luciferase reporter gene (UASGx4-TK-luc). 

After transfection, cells were treated with control media or media containing the indicated 
SXR agonist ligand or Pt650. PT650 was added at a concentration of 20 nM and each SXR 
agonist Ugand was added at the concentrations indicated. In this system, luciferase reporter 
egression is activated if the nuclear recq)tor SXR agonist ligand interacts with the nuclear 
receptor Kgand binding domain of the first hybrid protein, resulting in a conformational change 
in the nuclear receptor ligand binding domain of the first hybrid and association of the ligand 
binding domain with the coactivator of the second hybrid In this system, association of a GAL4- 
coactivator or hybrid with tiie nuclear receptor Ugand binding domain- VP transcriptional 
activator hybrid results in recruitment of the VP transcriptional activator to GAL4 DNA binding 
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sequeiic^^^ Ri^cMtmen of the VP txanscriptional activator rcsuUs in tiansc3:q>tiQn and expression 
pf the lu(d£^rase geae fiom the TK promoter of the reporter gene construct 

For corepressors, luciferase reporter expression is activated when the nuclear recq>tor 
ligand binding domain of the first hybrid protein mteracts with the corepressor of the second 
hybrid in the absence of agonist ligand The SXR ligand results in a coxrformationai change in 
the nuclear receptor ligand binding domain of the first hybrid and inhibits the assodatioh of the 
li^ahd binding domain with the cor^ressor of the second hybrid. This results in loss of 
transcriptional activation of the luciferase gene from the TK promoter of the reporter gene 
construct 

It will readily be recognized by one stalled in the relevant art that the reporter grae, 
pmmoter and transcriptional activator can be replaced in this system wi&out deviating ficom the 
curr^ invention. Any reporter gene-promoter-upstream activator construct which will mable 
detection of functional interaction of nuclear recq)tor Ugand binding domains with coactivator 
or co-iepressor can be utilized 

The results of Exao^jle 2 are shown in Table 1, which demoiistrates that the ET-743 
analog Pt650 displaces coactivator fix)m agonist bound SXR and that it reverses corqxressor 
displacement agonist bound SXR. ET743 functions in a similar manner. These results 
demonstrate tiiat the curroit system can be used to find functional equivalent coniqwunds of Et- 
743 which can inhibit agonist activated SXR including its ability to displace corepressors and 
recruit coactivators. 



TABLE 1 

Reporter Activity 



Reporter Gene 


GAL4faybrid 


Ligmtd^bittding 
Hybrid 


No 

Ugand 


Pt550 
20 oM 


SXRh'gsod: 

SR128I3 

(lOjiM) 


SR12813 -f 
Pt650 


UASGx^-TK-luc 


QAL4-(no hybrid) 






0.17 


0.21 


0.20 


UASGx4-TK.-luc 


GAW-hSRCRn)I-3 


VP-L-hSXR 


1.47 


2.01 


2:7.71 


2.07 


UASGx4-TK-luc 


GAL4-liACTIL RID l- 
3 


VP-LrhSXR 


0^ 


022 


7J3 


047 


UAS0x4-TK-luc 


GAL4^nGRIP 1-3 


VP-LrhSXR 


042 


0.56 


17.81 


1.01 


UASQx4-TK-luc 


GAL4-hPBP RID 1-2 


VP-L-hSXR 


0.96 


1.50 


2739 


1.60 


UASQx4.TK-luc 


GAL4-hSMRt3/6 


VP-LnhSXR 


4.05 


1.93 


0.73 


2.19 


UASGx4-TK-luc 


GAU-iriNCoR3/6 


VP-Iy*SXR 


1.02 


0.42 


036 


047 



15 



1. Rinehfot, RL. Anti 

2. l^icka, E*, Lawreoce, R., Raymond, E., Eddiardt, G., Faiiclotii, G., et aL In vitio antitumor 
activity of the novel marine agent, ectemascidin-743 (ET-743, NSC-648766) against human 
tumors explanted fix>m patientSvAnn Qnc^^^ 

3. Hendriks, HJl,, Fiebig, HJEL, Giavazd, R-, Laajgdon, SJ*., Jimeno, JM-, et al. High 
antitumour activity of EM:43 against human tumour xenografts £rom melanoma, non-small-cell 
lung and ovarian cancer. Ann Oncol 10, 1233-40 (1999). 

4. Martinez, EJ., Owa, T., Schreiber, SX. & Corey, EJ. Phtbalascidin, a synthetic antitumor 
agOTt with potencgr andmode of action coiiq)arable to ecteinascidin 743. Proc Natl Acad Sd USA 
96;3496-501 (1999). 

5. Zewail-Foote, M. & Hurley, Lil, Ecteinascidin 743: aminor groove alkylator that bends 
DNA toward the major groove. J Med Chem42, 2493-7 (1999). 

6. Pommier, Y., Kohlhagen, G., Bailly, C, Waring, M., Mazxmder, A-, et al. DNA sequence- 
and structure-selective alkylation of guanine N2 in the DNA minor groove by ecteinascidin 743, 
a potent antitumor compound Sxmi the Caribbean tamcst^ Ecteinascidia turbinaia. Biochemistry 
35, 13303-9 (1996). 

7. Takebayashi, Y., Pourquier, P., Yoshida, A-, Kohlhagen, G. & Pommier, Y. Poisoning of 
hun:ian DNA topoisomerase I by ecteinascidin 743, an anticancer drug that selectively allgrlates 
DNA in the minor groove, Proc Natl Acad Sci USA 96, 7196-201 (1999). 

8. Bonfanti, M., La Valle, E., Fernandez Sousa Faro, JJM., Faircloth, G., Caretti, G., et al. 
Effect of ecteinascidin-743 on the interaction between DNA binding proteins and DNA 
Anticancer Drug Des 14, 179-86 (1999). 



16 



W6 02/14554 PCT/USOl/25128 

9. Jin, S., Gar&jn, B., Faiiclotfa, G. & Scotto, K.W. Ectdnascidin 743, a transa:q)tion-taiBeted 
chemotherapeutic that inhibits MDR I activati n. Proc Natl Acad Sci US A 97, 6775-9 (2000). 

10. Minuzzo, M, Marchini, S., Broggkri, M., Faiicloth, G., DTncalci, M., et al. Interference of 
tiaDScrq)tional actLvation by the antineoplastic drag ecteinascidin-743. Proc Natl Acad Sci USA 

,97,6780^(2000). 

11. Synold, T.W., Dussaalt, 1. and Foiman, BJM. The orphan nuclear receptor SXR 
coordinately regulates drag metabolism and efiQux. Nat Med 7, 584-590 (2001). 

12. Pallis, M. & Russell, N. P-glycoprotem plays a drag-efiElux-indqiettdeat role in augmenting 
cell survival in acute myeloblastic leukemia and is associated with modulation of a 
sphingomyelin-ceramide apoptotic pathway. Blood 95, 2897-904 (2000). 

13. " lli€^^ P., Friedmaim, jM, iK^ 

resistance P-glycdprotein via nuclear fiactor-kappaP activation protectSs kidney proximal tubule 
cells from cadmium- and reactive oxyg^ species-induced q>qptosis. J Biol Chem 275, 1887-96 
(2000). - 

14. Kliewer, S.A., Lehmann, J.M. & Willson, T.M. Orphan nuclear receptors: shifting 
endocrinology into reverse. Science 284, 757-60 (1999). 

15. Blumberg, B. & Evans, RM. Orphan nuclear receptors-new ligands and new possibilities. 
Genes Dev 12, 3149-55 (1998). 

16. Forman, BM., Tzameli, L, Choi, H.S., Chen, L, Simha, D., et al. Androstane metabolites 
bind to and deactivate tihe nuclear receptor CAR- p. Nature 395, 612-5 (1998). 

17. Kliewer, S A, Moore, J.T., Wade, L., Staudinger, LL., Watson, M.A., et al. An orphan 
nuclear receptor activated by pregnanes defines a novel steroid signaling pathway. Cell 92, 73-82 
(1998). 



17 



W6d2/i4554 ^ 

18. Fomian, BM., CSien, J. & Evans, RJ\1 HypoUpidemic drugs, pblyi^^ 
aiid acbsaiioid^^ 

Acad Sd USA 94,4312-4^^ ' ^ ^.v^v.^^^.^^^^ ^: 

19. Forman, BJM, Tontonoz, P., CheEQ, J., Bran, RJP., Spiegelman, BM. and Evans, R.M. 
IS-Deoxy-"^ 12, 14-piostaglandin 12 is a ligand for the adipocyte detemujD^ fecto PPAR 

gynma;CeU 83, 803-12 (1995). ^ v .4 

20. Makisbima, M., Okamoto, A.Y., Repa, J J., Tu, H., Learned, RM., et al. Identification of 
a nuclear receptor for bile adds. Sdence 284, 1362-5 (1999). 



21. Paiiss, DJ., Blanchaid, S.G., Bledsoe, RJKL, Chandra, G., Consler, T.G., et al. Bile acids: 
natural ligands for an orphan nuclear recqptor. Sdence 284, 1365-8 (1999). 

22. Wang, H., Chen, I, HolUsler, KL, Sowers, L.C. & Fonnan, BM. Endogenous bile adds are 
ligands for the nuclear receptor FJOR/BAIL Mol Cell 3, 543-553 (1999). 

23. Forman, BM., Ruan, B., Chen, I., Schroq>fer, GJ., Jr. & Evans, RM. The orphan nuclear 
receptor LXRa is positively and negatively regulated by distinct products of mevalonate 
metaboKsm. Proc Natl Acad Sci USA 94, 105 8 8-93 (1997). 

24. Janowski, B A., Willy, P J., Devi, T JL, Falck, JJL & Mangelsdorf; D.J. An oxysterol 
signaling pathway mediated by the nuclear receptor LXRa. Nature 383, 728-3 1 (1996). 

25. Lehmann, J.M., Kliewer, S.A., Moore, LJB., Snuth-Oliver, T.A., Oliver, Bi., et al. 
Activation of nuclear receptor LXR by oxyst^ols defines a new hormone response pathway. J 
Biol Chem 272, 3137^ (1997). 

26. Blumberg, B., Sabbagh, W., Jr., Juguilon, H., Bolado, J., Jr., van Meter, CM., et al. SXR, 
a novel steroid and xeoobiotic-sensing nuclear receptor. Genes Dev 12, 3 195-205 (1998). 



18 



27. JdttBS, SA., Moore, LJ3., Shenk, JX., Wisely, G.B., Hamilton, GA., et aL The pregnane 
"k. recqptbn a prDmiscuous xenobiotic recq>tor Ifaat has divei;ged dnring evoli^on. Mol 
EndocrinolU, 27-39 (2000). 

28. Zhasig, H., LeCulyse, B., Liu, L., Hu, M., Matoney, L., et aL Rat pregnane X recq)tor 
mplepukir cloning, tissue distribution, and xenobiotic regulation. Arch Biochem Bijpphys 368, 
14-22(1999). ■ " - 

29. Botilsson, G., Heidrich, J., Svensson, K., Asman, M., Loidebarg, L., et aL Identification of 
a human nuclear rec^tor defines a new signaling pa&way fx CYP3 A induction. ?roc Natl Acad 
Sci USA 95, 12208-13 (1998). 

30. Ldmiann, JJVL, McKee, DD., Watson, MA., Willson, TM., NdEoorCi J.T., et aL The human 
oiphan nudear receptor PXR is activated by conq>ounds that regulate CypB A4 geaie expression 
8^ OHise inteta:^^ J Clin Invest 102, 1016-23 (1998). ' ' * 

31. Thiebaut et al., Proc. Natl. Acad. So. USA 84:7735t7738, 1987. 

32. WalJdns et al., J. Clin. Invest. 80:1029-1036, 1987. 

33. WacheretaL,Mj/. Carcinogen. 13:129-134, 1995. 

34. Schuetzetal.,M>/.PAarwflco/. 49:311-318, 1996. 

35. Dotzlaw, H., Leygue, E., Watson, P. & Murphy, L.C. The human oiphan receptor PXR 
messenger RNA is expressed in both normal and neoplastic breast tissue. Clin Cancer Res 5, 
2103-7(1999). 

36. Glass, C.K. & Rosenfeld, M.G. The coregulator exchange in transcriptional functions of 
nuclear recq)tors. Genes Dev 14, 121-41 (2000). 



19 



37. CSias^ C JKL, Rbse, D:W. & Ros^nfeld, M,G. Niiclear receptor coactiyaitors. Curr Opin Cell 
BioiW222i-32 (l^'^). ^ ^ ^ ^ 

38. Fcmdell, JJD., GuOTnah, M., Malik, S. & Roeder, R.G. Thyroid hormone receptor-associated 
proteins and general positive co&ctors mediate ttiyroid hormone receptor fimction in the absence 
pf the TATA box-binding protein-associated fectors of TFHD. Prpc M Acad Sci USA 96, 
lS^(199^. 

39- Rachez, C, Lemon, BD., Suldan, Z., Bromleigh, V., Gamble, M., et al, Ligand-dependent 
transcription activation by nuclear receptors requires the DRIP complex. Nature 398, 824-8 
(1999). 

40. Samhrook, L, et al. Molecular Cloning: A Laboratory Manual, 2nd Ed, (Cold Spring 
Haibor Laboratory, Cold Spring Harbor, NY) 1989; Maniatis. T,, et aL Molecular Cloning: A 
iitkmitacy Jktoiual (Cold Sprm^ Haiibbr La^^ CcM Sfiiing Bfe^^ 1981; 

41. Ausubel, F.M., et al. Current Protocols in Molecular Biology, (L Wiley and Sons, NY) 
1992. 

42. Guthrie, G. and Fink, G.R. Guide to Yeast Genetics and Molecular Biology (Academic 
Press). 1991. 

43. Culture Of Animal Cells (R. I. Freshney, Alan R, Liss, Inc.) 1987. 

44. Dussault, L, Lin, M., HoUister, K, Wang, EiL, Synold, T.W. and Forman, B.M. Peptide 
mimetic HIV protease inhibitors are hgands for the orphan rece^ JBiolChem (epub 
ahead of print July 20, 2001). 

45. Sadowski, L and Ptashne, M. A vector for expressing GAL4(1-147) fusions in mammalian 
cells. Nucl. Acids Res. 17, 7539 (1989) 



20 



46. Martinez, EX & Coiey, E., Anew, more eflSdeirt, and effective process for the synthesis of 
a key peQtac)^hc intermediate for production of ectemascidm azid phthalascidin antitumor 
agents. Org Lett 2, 993-6 (2000). 



47. Fisher, B., Costantino, JP., Wickerham, DX., Redmond, C^, Kavanah, M., et al. 
Tamoxifen for prevention of breast cancer report of the National Surgical Adjuvant Breast and 
^owel Project P-1 Study. J Nafl Cancer Inst 90, 1371-88 (1998). 

48. Fonnan, B.M., Goode, E., Chen, J. Oro, AE., Bradley, D J., Perlmann, T., Noonan, D J., 
Burka, L.T., McMorris, T. Lampb^ W.W., et al. Identification of a nuclear receptor that is 
activated by famesol metabolites. Cell 81, 687-693 (1995). 

49. Picaid,D. Two orphans find a home. Nature 395:543-544 (1998). 



21 



Wb62/i4554 



....... , . ■v:^;;^^i|fe#^l^^ 

A melhod for screeomg con^ 



i. 

testing said compounds for an abiKty to inhibit SXR trans activation of mdrl gene 
transcriptioxL 



2* A method of decreasing mxdtidn^ lesju^ce^^m a ceU or cells which comprises inU^ 
the ability of SXR to trans activate nub'l gene transcriptioiL 

3. The method of claim 2, which further conqxcises contacting the cell or cells with an SXR 
antagonist, whecem the antagonist inhibits SXR trans activation of mdrl gene 
transcription. 

4. The method of claim 3 wherein tiie contact occurs in vivo. 

5. A method for tiie treaMeait or cell proliferation in m^^ 
which conoLprises administering to such maxiunal an effective amount of an SXR 
antagonist, wherein the SXR antagonist decreases the level of mdrl gene transcription 
in the tumor cells. 

6. The method of claim 5 wherein the SXR antagonist prevents displacement of an SXR 
corepiessor from SXR- 

7. The method of claim 5 wherein the SXR antagonist prevents binding of an SXR ligand 
to the SXR ligand binding domain. 

8. The method of claim 5 wherein the SXR antagonist prevents inhibits interaction between 
SXR and an SXR coactivator. 

9. The method of claim 5 wherein the SXR antagonist is cytotoxic to the cells of the tumor. 
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10. A method fi>r treating a neoplastic disorder in a mammal which conqnises admmistering 
V-;tb the mairimal an antineoplastic effective amount of a cytotoxic Bg^aM inhibiting 

clearance or breakdown of said cytotoxic agmt by inhibiting SXR-mediated 
transactivation of mdrl, 

11. A method of screening compounds for an ability to inhibit trans activation of 
transcription of an SXR target gene by SXR which comprises detenniiiing the 
presence of one or mote of said compounds in an assay conq)rising SXR and said target 
gene inhibits transcription of said target gene as con^ared to transcription of said target 
gme in the absence of said one or more compounds. 

12. The method of claim 1 1 wherein said assay comprises an SXR ligand 

13. The method of claim 12 ^erem said ligand is a dmg. 

14. The method of claim 1 1 wherein said target gene is mdrL 

15. The method of claim 1 1 herein said method is performed in vitro, in vivo or in cells. 

16- Themefhod ofclaim 11 which con[q)rises: 

a) adding an SXR ligand to cells; 

b) measuring an activity which is increased or an amount of a molecule the synthesis of 
which is increased by addition of said ligand; 

c) adding one or more of said coiiq>ounds to the cells of step (a) or to cells to vAnch SXR 
ligand is added; 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 
and 

e) determining whether said one or more of said compounds inhibited the increase in 
activity or the increase in synthesis of the molecule. 

17. The method of claim 16 wherein said molecule is P-glycoproteia. 
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18. The inis^od of claim 16 wherein smdmolecnUe is a geaepro^hict of a g^e. 

19. The misthod of claim 18 whetein expression of the reporiei' gene is regulated by the 
functional association of the ligand binding domain of SXR. with an SXR coactivator. 

20. The method of claim 19 wherein the SXR coactivator is selected ftom the groxxp 
consistfaigof SRCl, ACTR, GRIP,PBP, amimeticpq)tide whidbiis acoactivaSorof SXR 
and a peptide fragment which is a coactivator of SXR 

21. The method of claim 19 wherdn esqiression of the reporter geae is increased by the 
functional association of the ligand binding domain of SXR with an SXR coactivator. 

22. An in vitro method of claim 11 which comprises: 

a) mixing SXR and an SXR target gene to form amixture; 
A • b) ineasucing an activity wbkh is increased or an amount of a molecule the synthesis of 
which is increased by addition of a ligand to said mixture; 

c) adding one or more of said compounds to the znixture of step (a); 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 
and 

e) deteraiining whether said one or more of said componnds inhibited the increase in 
activity or the increase in synthesis of the molecule. 

23. The method of claim 22 wherein said target gene is mdrL 

24. The method of claim 22 wherein said molecule is P-glycoprotein. 

25. The method of claim 22 wherein said ligand is a dmg. 

26. A method of screening compounds for a putative antineoplastic agent which comprises 
determining whether the presence of one or more of said compounds in an assay 
comprising SXR and a target gene of SXR inhibits transcription of said target gene as 
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compared to transcription of said target gene in flie absence of said one or more 
compounds. 

27. The method of claim 26 herein said assay comprises an SXR ligand 

28. The method of claim 27 herein said ligand is a drug. 
29* Themethodof claim 26 wherein said target gene is md>-i. 

30. The method of claim 26 wherein said method is performed in vitro, in vivo or in cells. 

31. The method of claim 26, which comprises: 

a) adding an SXR ligand to cells; 

b) measuring an activity Mliich is increased or an amoimt of a molecule the synthesis of 

c) adding one or more compounds of said compounds to the cells of step (a) or to cells 
to which the nuclear ligand is added; 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c) ; 

e) detennining whether said one or more conqx>unds inhibited the increase in activity or 
the increase in synthesis; 

i^iietein a compound or compounds which inhibit said increase in activity or said increase 
m ^thesis of said molecule are putative antineoplastic agents. 

32. The method of claim 3 1 wherein said molecule is P-glycoprotein. 

33. The method of claim 31 wherein said molecule is a grae product of a reporter gene. 

34. The method of claim 33 wherein expression of the reporter gene is regulated by the 
functional association of the ligand bindiQg domain of SXR with an SXR coactivator. 
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35. The method of claim 24 wheiraai lie SXR coactivator is selected fit>m .ifae group 
consistiiigdf SRCl, ACTR, Gffi^ boacfivau^ ' 
aiid a pq)tide fiagment wWch is a coactivator of SX^ 

36. The method of claim 34 wherein expression of the reporter gene is incr^ised by the 
fimctionsfl association of the ligand binding domain of SXR vvdtji an SXR poactiyator. 

37. An in vitro method of claim 26 which conqnises: 

a) mixing SXR and an SXR target gene to form a mixture; 

b) measuring an activity which is increased or an amount of a molecule the synthesis of 
which is increased by addition of a ligand to said mixture; 

c) adding one or more of said compounds to the mixture of step (a); 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 
and 

e) detenbininig whether smd one of iiibr^ of said coxr^uhds ixOubited the increaise in 
activity or the increase in syntfa^ of the molecule. 

38. The method of claim 37 wherein said target gene is mdrL 

39. The method of claim 37 wherein said molecule is P-glycoprotein. 

40. The method ofclaim 37 wherein said ligand is a drug. 

41 . A method to screen conq)ounds for a putative antineoplastic agent, comprising: 

a) adding an SXR ligand to cells; 

b) measuring an activity which is decreased or an amount of a molecule the ^thesis of 
which is decreased by addition of said ligand; 

c) adding one or more of said compounds to the cells of step (a) or to cells to which SXR 
ligand is added; 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 
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wherein a compound or conq)ounds which inhibit said decrease in activity or said 
decrease in synthesis of said molecule are putative antmecjplastic agents. 



42. The method of claim 41 wherem said molecule is a gene product of a reporter gene. 

43. The method of claim 41 herein said molecule is P-glycoprotein. 

44. The method of claim 41 which fiirfher comprises administering one of said compounds 
which inhibits said increase in activity or said increase in synth^ of said molecule to 
tumor cells and determining if said compound has a cytotoxic efTect on the tumor cells. 

45 . The method of claim 41 which further comprises administering one of said compounds 
#yci kihihits said decrease in ai^tivily or said decriwisiB in s^^^ 6f saidn^^ 
tumor cells and detemmung if said conq)ound has a cytotoxic effect on the tumor cells. 

46. A method for screening compounds as putative candidates for an ability to decrease 
catabolism of a dmg in a cell or to decrease the ability of a cell to pump said dmg out of 
said cell, said method comprising the steps of determining whether the presence of one 
or more of said compounds in an assay conotprising SXR and said target gene inhibits 
transcription of said target gene as compared to transcription of said target gene in the 
absence of said one or more compounds, wherein a compound which inhibits 
transcription of said target g^e is a candidate for decreasing catabolism of a drug or 
decreasing the ability of a cell to pump said drug out of said cell. 

47. The method of claim 46 wherein said assay comprises an SXR.ligand. 

48. The method of claim 46 wherein said ligand is said drug. 

49. The method of claim 46 wherein said target gene is mdrl, 
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50. The method of claim 46 wherein said method is performed in vitro, in vivo or in cells. 

5 1 . The method of claim 46 which comprises: 

a) adding an SXR ligand to cells; 

b) measuring an acdvity which is increased or an amomxt of a molecule the synthesis of 
which is increased by addition of said ligand; 

c) addii^ one or more of ^d co9jD{^^ to the cells of stq> (a) or to cells to ^hich SXR 
Ugand is added; 

d) measuring an activity or amonnt of a molecule as in step (b) for said cells of step (c); 
and 

e) determining whether said one or more of said compomids inhibited the increase in 
activity or the increase in synthesis of the molecule. 

52. The method of claim 5 1 wherein said molecule is P-glycoprotein. 

53. The method of claim 51 i^erein said molecule is a gene product of a reportex gene. 

54. The method of claim 53 wherein e^q^ression of the reporter gene is regulated by the 
functional association of the ligand biuding domaru of SXR with an SXR coactivator. 

55. The method of claim 54 wherein the SXR coactivator is selected fix)m the group 
consisting of SRCl, ACTR, GRIP, PBP, a mimetic peptide whidi is a coactivator of SXR 
and a peptide firagmeat which is a coactivator of SXR 

56. The method of claim 54 wherein expression of fibe reporter gene is increased by the 
functional association of the ligand binding domain of SXR with an SXR coactivator. 
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57. An in vitro method of claim 46 wWchcom^ 
' a)im^^ 

b) ni^sunng £in^ is increased or an amount of a molecule tiie synthesis of 
which is increased by addition of a ligand to said mixture; 

c) adding one or more of said compounds to fho roixture of step (a); 

d) measuring an activity or amount of a molecule as in step (b) for said cells of step (c); 
and 

e) determining whether said one or more of said compounds inhibited the iacrease in 
activity or the increase in synthesis of the molecule. 

^8* The method ofclaim 57 wherein said target gene is TOcilri. 

59. The method of claim 57 wherein said molecule is P-glycoprotein. 

60. The niethod of claim 57 Wherehi said ligand is a drug. 

61 . A mefliod of drag chemotherapy which comprises coadministering a drag and an agent 
that modulates the activity or expression of SXR. 

62. A method of claim 61 which comprises coadiiuiiistering a drag and an agent that 
downregulates the activity or expression of SXR. 

63. A method of claim 61 ^diich comprises coadministering a drag and an agent that 
upregulates the activity or oqiression of SXR. 

64. A method of increasing the effectiveness of a drag which con5)rises coadministOTng said 
drag with an agent that modulates the actions of SXR. 

65. A method of claim 61 wherein said agent is an SXR antagonist 

66. A method of claim 61 wherein said agent is an SXR agonist. 



29 



67. A nic^QHxl of dri^ met^li^ in a pj^eai^^^ \yi& dragi 
which nidhod cbnxpnse^ to said j^kiedoit m effective amomt of an S!?^ 
inhibitor. 

68. A process for makmg a therapeutic coniqposition which conq>rises the steps of: 

a) screeDing compounds for an ability to iidiibit SXR activity or to inhibit tian^co:;^ 
or translation of SXR4 

b) determining which of said con:q)Ounds inhibit SXR activity or inhibit transcription or 
translation of SXR; 

c) selecting a compound \^ch was detennined to inhibit SXR activity or to inhibit 
transcription or translation of SXR; 

d) obtaining a th^:q)eiitically effective amount of said conq>ound selected according to 
step (c); and 

e) combining a therapeutically effective amount of tiie selected compound with one or 
■ iiukiepharD^^ 

69. The method of claim 68 wherein said screening comprises the steps of claim 1 1 . 

70. The method of claim 68 wherein said screening con5)rises the steps of claim 26. 
7L A tiierq>eutic composition made by the process of claim 68. 

72. A method of inhibiting drug resistance by administering an effective amount of a 
ther^)eutic composition of claim 71 which modulates SXR activity or SXR expressiotL 

73. A method for selecting a compound for use for treating a pathological condition in a 
mammal wherein said compound is selected by: 

a) preparing a system comprising a ligand binding domain of SXR and an SXR target 
gene \viierein an interaction between said Hgand binding domain of SXR and said target 
gene produces a detectable signal; 

b) measuring said detectable signal of said system in step (a); 
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c)adk]ingaco^ 
^ ^ i a signal of said system of step (6); and 

e) selecting a compound wherein said signal of step (d) is less than said signal of step (b). 

74. The method of claim 73 wherein said interaction is a direct interaction. 

75. The method of claim 73 wherein said interaction is an indirect interaction. 

76. The method of claim 73 wherein said pathological condition is a cancer. 

77. The method of claim 73 wherein said target gene is mdrL 

78. The method of claim 73 wherein said detectable signal is mdrl RNA. 

79. The method of claim 73 herein said detectahle signal is P-glycoprbtein. 

80. The method of claim 73 herein said system comprises a cell. 

8 1 . The method of claim 80 wherein said cell comprises a vector conq)rising said target gene. 

82. The method of claim 73 wherein said system con^rises a ligand that binds to said figand 
binding domain of SXR under physiological conditions. 

83. The method of claim 82 wherein said ligand is a dmg or drug candidate. 

84. The method of claim 83 wherein said drag or drag candidate is to treat cancer. 

85. The method of claim 73 wherein said system comprises components of a two-hybrid 
assay. 
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86. The method claim 85 wheiein said sfystem comprises a vector encoding an SXR 





binding domain fused to a peptide which activates said SXR ligand bindiog dpma^ 



87. The method of claim 85 wherein said peptide is VP16. 

, 88. The method of claim 85 herein said system conq>rises a vector encoding a signal 



89. The method of claim 73 wherein said method is performed in vitro. 

90. The method of claim 89 wherein said system con^mses a ligand binding domain of SXR 
and said target gene. 

91 . The method of claim 90 wherein said target gene is mdrl. 

92 . A canq)Oitnd for treating a p^ological condition in a Taanimal wherein said conxpomid 
is selected by the method of claim 73. 

93. A pharmaceutical composition conq)rising said compound of claim 92. 



generating enzyme. 
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